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CLAIMS 

1, Molecularly imprinted microspheres comprising 
specific binding siteS;- obtainable by polymerising 

5 functional monomers and cro.sslinkers in a reaction 

solvent in the presence of print molecules as templates 
in a surfactant-free precipitation polymerisation 
process^ which print molecules are capable of forming 
non-covalent or reversible covalent interactions with 
.10 said functional monomers. 

2. Molecularly imprinted microspheres according to 
claim 1^ the diameter of which are within the range of 
0.01 to 10^m. 

3- Molecularly imprinted microspheres according to 

15 claim 1, which are monodisperse ^ 

4. A method of producing molecularly imprinted 
microspheres comprising specific binding sites, 
characterised by polymerising functional 
monomers and crosslinkers in a reaction solvent in the 

2 0 presence of print molecules - as template^.- in a surfactant- 
free precipitation polymerisation process^ which print 
molecules are capable of forming ncn-covalent or 
revsrsible covalent interactions with said functional 
monomers . 

25 5. A method according to claim 4, wherein the total 

volume of polymerisable monomers and crosslinkers is kept 
in the range of about 0.01 to 20 % of the volume of the 
reaction solvent. 

6. A method according to claim 4 or 5, wherein the 
30 reaction solvent is aqueous or non-aqueous. 

7. A method according to claim 4 or 5, wherein said 
reaction solvent is composed of a single solvent 
component or of multiple solvent components. 

8. A method according to claim 4, wherein said 
35 functional monomers have the same functionality. 

9. A method according to claim 4, wherein said 
functional monomers have different functionality. 
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10. A method according to claim 4 or 5, wherein the 
solubility of the print molecules in the reaction solvent. 
IS adjusted by changing the composition of the reaction 
solvent. 

5 11. A method according to claim 4, wherein the 

polymerisation is induced by heat, UV radiation, 
Y radiation and/or chenirally. 

12. A method according to claim 4, wherein said 
polymerisation process is a free-radical polymerisation 

.10 process, an ionic polymerisation process, a coordination 
polymerisation process or a step growth polymerisation 
process . 

13. A method according to claim 4 or 5, wherein a • 
desired size of the microspheres is achieved by 

15 controlling the nucleation and particle growth process. 

14. A method according to claim 13, wherein the 
control of the nucleation and particle growth process is 
achieved by adjusting the composition of the functional 
monomer/crosslinker/solvent system and/or the reaction 

20 conditions during the polymerisation in order to change 
the solubility of the growing polymer chains. 

15. A method according to claim 13/ wherein the 
control of the nucleation and particle growth process is 
such as to avoid aggregation of the microspheres, 

25 16. A method according to claim 4 or 5, wherein the 

size of the microspheres as produced is in the range of 
0.01-10|im. 

17. A method according to claim 4 or 5., wherein the 
reaction conditions are controlled so that the 

30 microsperes become monodisperse. 

18. Use of the molecularly imprinted irdcro spheres as 
defined in any one of claims 1-3, or prepared according 
to any one of claims 4-17, for screening of chemical 
libraries, for catalysis, for facilitating synthesis, for 

35 analyte determination . using ligand binding assays and/or 
agglutination assays, for therapeutic purposes, or for 
controlled release. 
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19, Use of the moiecularly imprinted microspheres as 
defined in any one of claims 1-3, or prepared according 
to any one of claims 4-17, as stationary phase or 
modifier in capillary electrophoresis, capillary .electro- 

5 chromatography or HPLC analysis. 

20. Use of the moiecularly imprinted microspheres as. 
defined in any one of claims 1-3, or prepared according 
to any one of claims 4-17, as recognition component in 
biomimetic sensors- 

10 21. Use of the moiecularly imprinted microspheres as 

defined in any one of claims 1-3, or prepared according 
to any one of claims 4-17, as affinity-labelled probe for 
targeting cells or other biological material- 

22. Use of the moiecularly imprinted microspheres as 

15 defined in any one of claims 1-3, or prepared according 
to any one of claims 4-17, as binding entities for the 
preparation of composite materials. 
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(54) Title: MOLECULARLY IMPRIMED MICR0SPHERF:S PREPARED USING PRECIPITATION POLYMERISATION 



(57) Abstract 

Molecularly imprinted microspheres 
comprising specific binding site are 
described. These microspheres can 

be obtained by a method comprising 
polymerising functional monomers and 
crosslinkers in a reaction solvent in the 
presence of print molecules as templates in 
a surfactant-free precipitation polymerisation 
process. The print molecules used are 
capable of fomiing noFi-covalent. reversible 
covalent or semi-covalent interactions with 
said functional monomers. There is also 
disclosed the use of said microspheres in 
different applications. 
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Schematic representation of the molecular imprinting process. 
(I) P re-assembly (2) Polymerization {3) Extraction/cleavage 
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The present invention relates to molecularly 
imprinted microsperes, to a method of producing said 
microspheres and to the use of said microspheres. 

I^ore particuiarly, the present invention relates to 
a method for preparing molccularly imprinted microspheres 
m the absence of any added surfactants. Highly specific, 
molecularly imprinted microspheres in the micron-scale 
sice range can be produced quickly, cleanly and m 
excellent yield by rhis method, and the regular particle 
size and shape of the microspheres obtained is 
advantageous m several ways. These artificial receptors 
can readily replace biologically derived receptors m 
-rr---— '-^liva oii.^ uiicxti^uxf lircjniy arrractive. 
Several possible applications are described herein. 
BACKGROUND OP THE I^^v^ENTION 

Molecular imprinting is an established technique for 
the preparation of synthetic receptors with high 
affinities and specificities for various analytes of 
interest. During the free-radical polymerisation commonly 
used m the imprinting process, the incorporation of 
uemplate-comp] ementary functionality into tne polymer 
matrix, which is the key to ligand re~binding, is guided 
by the template molecules themselves, since they form 
complementary guest-host complexes with th- tuncticn^l 
monomers. Eollowing removal of the template rrom the 
polymer matrix, the crosslmked polymeric host can rebmd 
the original templat^e very specitically (Figure 1) [1-3J. 

Depending on the nature of the interactions guidmq 
the assembly of the guest-host complex and the subsequent 
recognition of the target ligand, molecular imprinting 
strategies can be divided into two maior categories: 



ilent: and non-covalent imprinting appreaches. 



nm.: 
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can U5-''^ covaient i n t. e r a c t i cn s tor t.hc^ prep a r a t, 1 c n i th<:- 
Imprinted poJ ymer and non-cova 1 enr interaction's tor th--; 
caosequent r^^-bindina or 1 i qancis of interc^sr [4] . 
5 These moieculariy imprinted receptor analogs are 

easy to produce and very stable, and are therefore 
superior to natural receptors in many respects. 

Holeculariy imprinted polymers have been used for 
chrom.a toarapnr c separation [51, in biom.imetic sensors 

10 [6], in catalyzing chemical reactions [7], in solid phris 
extraction for sample en richmen^t /clean-up [yj, m 
scree:": ma c: L come i na t c r i a 1 cnemical libraries [sj, tor i 
si^.u product removal during biotransformation processes 
[10], ano down-stream prc^auct purification [llj. They 

it a^so have areat potential ror drug dt^a. e mi na t ion using 
for instance liqand com^petition assays [12] . 

Imprinted polymers are^ usually prepared in the form 
of a m.o n o 1 1 1 ri v; h i c h is then g r o u n d a n d s i. e v e cl t r > t h e 
desired purticle sice. ':'he grinding and sieci.nq process 

to IS t ime-consum i nq and yields only moderate amounts of 

a s e f u 1 impr i n ted pel ymie r . T' h e po ] yme r pa 1 1 1 c 1 e s ob t a 1 n ed 
are also rregul arly-shaped, v;hich is nor ideal ror 
ch r omat oar apt 1 c purposes. Fa rt hermc^re , the grinding 
process may also be detrimental to some of the binding 

a 5 s i t_ e s . 

S u spans i on r^ol ymer 1 sa t ion in pe r 1 1 ao r oca rbon liquid 
continuous phases has been introduced to address some of 
these issues [13] . Although this method oe^livers good 
yield:^ ot" spheric.iil f:)articlc^s v;ith controlled r:articie 

to sires. It Ls r.ot" a s t r a i gh t f orv;a r d motho;d m tnat it 

requires considerable optimisation. The pe r f 1 uor oca rbon 
dispersing phase is also somLCwhiat expensive. 

Othei imprint irua me^thO'ds leading tc; spherical 
particles v;ith controlled sizes include emulsion 

35 polymerisation m aqueous media, and seeded emulsion 

pel ymer 1 sat loii . howevei , they involve either the use of 
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Stabilisers o mi 1 1 t i - f r-,^ ^ ^ r-, ^. , . ; , ^ ^ ^ : . _ 

s t r a i gh t f o r w a r d n o r b r o a d 1 a p o 1 1 c a b ] e for 1 rpp ri t ^ n q 
BRIEF SUMMARY OF THE INVENTION 

The present invention provides a new method of 
5 producing molecularly imprinted microspheres. Typically, 
the diameters of the microspheres are between 0.01 - 10 " 
^m. The method is based on surfactant-free precipitation 
polymerisation. The specific binding sites are created 
using print molecules that form either non-covalent , 
10 reversible covalent or " semi -cova lent " interactions with 
the functional monomers as templates. 

In the method the total volume of the pol yrneri sable 
monomer/ crosslmker is typically kept within 0.01 - 201 
v/v that of the reaction solvent. The reaction solvent 
employed is either aqueous or non-aqueous, and is either 
single component or composed of multiple solvents. 

The interactions between print molecules and 
functional monomers utilised for imprinting and re- 
bmdmg can be either reversible covalent, non-covalent , 
20 or both. Multiple interactions of different characters 
can be simultaneously utilised. Different functional 
monomers can be employed simultaneously, m addition to 
using single functional monomers. 

The solubility of the print molecules in the 
25 reaction solvent can be adjusted by changing the 
composition of the reaction solvent. 

The polymerisation can be induced by heat, by UV, by 
V radiation or by chemical methods. Free-radical 
polymerisation, ionic polym.er i sat ion , coordination 
30 polymerisation, step growth polymerisation or related 
methods are used to prepare molecularly imprinted 
microspheres without using surfactant 

Microspheres with desired particle sizes can be 
produced by controlling the nucleation and particle 
55 growth process of the resulting polymer. This is achieved 
through ad:iusting the composition of functional 
monomer/crosslinker/solvent system, as well as reaction 
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c wcli 1 1 onn / ii'i v.:rcioi L Ciiar)c;e the scluDiLiLy ot trK/ 
qrovjinq pclyri^or ch.Axr.^' . The pc- 1 yme r i 5 a *. i or: cond^.ticn^ ar 
cent roi i in saah a way .is t:c^ avoid ciqqregation of the 
rni r-ro^jphe res . 

5 The molecLilarly imprinted microspheres can be used 

as replacements for conventionally imprinted polymers in 
various applications. Thus, they can be used tor the 
screeninq of chemiical libraries, for catalysis, for 
facrlitated syrithesis, for analyte determination usinq 
10 competitive ligand omding assays and agglutination 
assays . 

The microspheres can alsu bt- used as stationary 
phase or m.oaifier in capillary electrophoresis, capillar 
e 1 c^ c r 1" cj c li r o mi d t o q r a p h y ri n d H ? L C analysis, as r e c o g n i 1 1 c- r"i 
15 cs^mponent m b^omimetic sensors, as af f ini ty- label.l eo 

probe for targeting cells or othier" biological mLaterials. 

A further use of the molecularly imprinted 
m.icrospheres is as binding entities for the preparation 
or composite mat..erials . 
2 0 BI^.IEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a re a or ion scheme of a prior art 
m-s 1 e c u 1 a r im^p r 1 n 1 1 n g process. 

Ficjure 2 shoves some examLples of functional micnomers 
which can be used in the process according to the 
2 5 invention. 

Figure 3 show^s electron mLicrographs of anti-17()- 
estradiol mj. cr cspriere s prepared according to Example 3. 

Figure 4 shov;s the dr sp 1 acem.en L c2 radioligand 
binding to m o 1 e c u .1 a r 1 y i mp r i n t e d m i c r o s p h e r e s under 
30 equilJbirium conairions, as disclosea m Example 4. R/R,, 
IS the ratio of th:t- amount of radioligand bound in the 
presence of displacing ligand, H, to the amount bound in 
the absence of displacing liqand, Rr, . 

P'igure 3 shows a calicrarion curve for theophylline 
35 as disclosed m Example 3. 

Figure 6 shoves thie specificity of the anti-17(->- 
estradiol microspheres prepared accord mc^ to Example.- 3. 
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n [t; t T ] ^ IT ri r"^. r c q j; p'VT Q r-,i o p T M I '■^J K }■] 7 O /. ■ 

The present, m ver. i: reeiaro? t u :icv^:l nietnoc; ^t;;^ r 

pi ep:)a r "i. nq molecular i y imprinted m.i c r-Q spheres usinq 
pr eci pi t at ion po L ymer 1 sat 1 on , the mi crospheres as 
obtained by said method, and the applications oi these 
imprinted mucr osphe r e s . 

Precipitation po 1 ymie r 1 sa 1 1 on , sometimes called 
su r f actant - t ree polymerisation, can be used to prepare 
mono-di spe r se microspheres with controlled particle 
diameters typically wioi^m the 0.1-10 pm. range |14-'1'^1. 
The TLectianism foe particle formation and growth resemLpies 
tear of dispersion r)0 1 yme im sa 1 1 on , excet)t t.,har trie 
part, icles t:ii^j stat^ilised aaamst coaau 1 a t_. 1 on h^v heir^ 
rigid, c: r o s s 1 1 n k e d s a f a c e s , rather than tg- a ri y a d d e si 
stabilisers. These microspheres are easy to pr epai e and 
are fiee frc'mi any adsorbea surfactants. Significantly, 
neither polymer grinding nor sieving steps are necessary 
following polymerisation, therefore the preparation o^f 
molecular] y imprinted microspheres by this metnod is riLUch 
mcu-e efficient in terms of yield and much less rime- 
consummg to perform. 

In conventional molecular imprinting protocols, the 
yielo of imprinted pcJ ymer v;ith the desired particle size 
range fo'l lowing successive grinding and sieving 
operations is usually less than 50i, . In contrast, the 
present method allows polymer yields upwards of 85'' to b^:: 
attained. The reqular size and shape of i..h- particles can 
facilitate system, homogeni sat icii and is advantageous for 
mass rranster m lig^nd r en ending procc^sses. It. ^jlse) 
oilers oenerits in cnromat ograph 1 c applications. 

Both reversible covalent and non-c:ova lent i:":ter- 
actions can be utilised dui^mg the imprint i.ncj process 
when using precipitation polymerisation. The semi - 
covalent strategy can also be used. Functional monomers 
for reversible covalent int:e ract ions include boronat- 
ester-forming monomiers, tchiff base-forming monomers, and 
c a r b o n a t ^ - t o r m 1 n monomers. F o r-^ n o n ~ c o ira 1 e n t 1 n t - r - 
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ci C l1 1 O r "i ^r' / i 1 CJl X O 1 1 t) w I i Li 1, L'' i R l i 1 1 1 1 ID 1 1 OR I'w !ll Li ^ 0 1 1 "U cJ, JL i J_ O L III 1 1 0 

monomers, met a 1 -che I at: inq monomers, as wol] as 
hydrophobic monomers can be used (Figure 2). 

Various crosslinkers can be used depending on tne 
5 solvent employed as a porogen. 

Polymerisation can be initiated in a variety of 
ways, typically via thermal or photochemical means, and 
both wa rer-soluble and organic solvent miscible 
initiators can be used, depending on the solvents 

10 employed. 

To obtain spherical microspheres with good 
recognition behaviour, efficient crosslinkmg has ro be 
ensured. Typically this is achieved by using a high 
degree of crc^ssl in king . For some purposes, however, a 

15 much lower crosslinking density can still yield 

microspheres with satisfactory molecular recognition 
capabilities , 

Compared to conventional im.printinn m.ethods, far 
greater am.ounts of solvent are used in precipitation 

20 polymierisa t ion protocols to prepare the imprinted 

microspheres. Both aqueous and non.-aqueous solvents can 
be used for different target print molecules. When the 
non-covalent strategy is used, except w^here the 
hydrophobic effect is of interest, less-polar organic 

25 solvents, for example di chlorome thane and acetonitrile 
are generally most satisfactory. Imprinting via other 
strategies can readily use aqueous and polar non-aqueous 
solvents. The total monomer volume in the polymerization 
solution is generally within the range of 1 - ICV. v/v 

30 with respect to the polymerisation solveno, to prevent 
aggregation of the microspheres. 

The amount of print molecule can be, though not 
necessarily, so high as to saturate the solvent 
containing the functional monomer and the cross linker at 

35 the polymerisation temperature in order to provide a high 
load capacity for the resulting imprinted microspheres. 
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u n t Pi e o t Pi 6- r ri 3 ri q , a o o r 5 o i v e n t. for l Pi e i ri l 
I TKj 1 G c u 1 e c 3 Pi D e 1 p. t IT o Q u c e ci as a c o ~ s c- .1 v e Pi t. , if ii' e q u 1 1" e ci , 
tc> reduce the solubility of the print molecule and 
therefore to reduce the amount of print molecule 
5 required. This may be an attractive approach when one is 
using an expensive print molecule, for example, hexane 
can be added to acetonitrile to make the print molecule 
much less soluble while the complex formation between the 
functional monomer and the print molecule in the non- 
10 covalent approach is not sacrificed. 

By controlling various reaction conditions, such as 
the solubility paramteters of the resulting polymer and 
that of the solvent, the nucleation and growth behaviour 
of the polymer particles can be tailored to deliver 
15 microspheres of controlled particle diameter and porosity 
that retain high affinity and specificity for the print 
molecules . 

Thp^ ■mnlP'mi1;Hrl\/ immr-ST-it-f^ir-l mnr-r-oc^mhor'^^Q r-;=in K^=i iiQor-^ 

„ . ^ j^^^..^^^ .C.^ W ^ W ^ ^ ^ ^ ^ ^ ^ ^^'^-^ 

in various applications. These artificial receptors can 

20 readily replace their natural counterparts in m.any 

instances. Their regular size and shape allows better 
reproducibility in different assays. Non-limiting 
examples of applications of m.olecularly imprinted 
microspheres, including monodisperse microspheres, are: 

25 1) as stationary phases or modifiers in capillary 
electrophoresis; 2) as recognition components in 
biomimetic sensors; 3) as catalysts to facilitate 
chemical /biochemical reactions; 4) as probes for cell or 
other bicjlogical material targeting in which case they 

30 are dyed or made magnetic; 5j for drug determination 
using competitive iigand assay; 6) as bi o-compa t ibl e 
carrier for controlled drug release; 7) as binding 
components to prepare composite materials for affinity 
puriiicat ion/isolation of target compounds, 

35 The invention v/ill now be described more in detail 

by vjay of the following non-limiting examples. 
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EXAMPLE i 




Acetonitrile (50 mL) is mixed with methacrylic acid 
(MAA, 372.5 rrig ) and t rime thy 1 olpropane tr imet hacrylate 
5 (TRIM, 627.5 mg ) in a borosilicate glass tube. 

Theophylline (115 mg ) is suspended m the solution and 
dissolved after sonication at 60°C. The initiator, 
azobisisobutyronitrile (AIBN, 17.5 mg ) is dissolved, the 
solution purged with nitrogen for five minutes and the 

10 tube sealed under nitrogen. Polymerisation is induced by 
placing the tube in a water bath preset at 60''C and 
c o Pi t i ri u e d f C' r 2 4 hours. 

The miicrospheres form.ed are collected by 
centri f uga t ion at 8000 rpm for 10 minutes usinq a RC5C 

15 superspeed refrigerated centrifuge from BECKMAN (Palo 
Alto, CA, USA) . The print molecule is thoroughly 
extracted by washing repeatedly with methanol containing 
10 o acetic acid (v./v) , followed by a final wash in 
acetone. These successive cent rifugat ion and decanting 

20 steps extract the print molecule from the polymer. The 

an ti-theophylline microspheres obtained are m.onodi sper s e 
and have an average diamLeter of 0.2 //m. The microspheres 
are finally dried m \/acuo. The reference (control) 
microspheres are prepared and treated in exactly the same 

25 way, except that no print molecule is used in the 
polymerisation stage . 
EXAMPLE 2 

Preparation of anti-theophylJme microspheres 

Acetonitrile (50 mL) is mixed with MAA (3^2.5 mg ) 
30 and TRIM (627.5 mg ) in a borosilicate glass rube. 

Theophylline (11.5 mg ) and AIBN (17.5 mg ) are dissolved 
m the Golurion. The solution is purged witl'i nitroaen for 
five minutes and the tube sealed under nitrogen. 
Polymier isdt ion is induced by UV irradiation (350 nm) at 
20°C using a RMA-400 Rayonet pho t ochemn ca 1 reactor from 
Southern New England Ultraviolet Co. (Bradford, CT, USA) 
and continued for 2-1 hoairs. 
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The nil c rosprie res obtained ar^r LiX-ated ^ri td'ie sam^^ 

rerererK:o (control) n":ior ospheres a.r*..- preparc;d and ti-<it.ed 
111 Gxac t.ly the same v^ay, except that i\o print_ molecule is 
used in the polymerisation stage. 
EXAMPLE 3 

Prep a ra 1 1 on of ant i - 1 7/3 os t. radiol mi o ro spheres 

Acetonitrile (50 mL ) is mixed with MAA (37 2.5 ma) 
and TRIM (62'"^. 5 mg ) in a be ros i 1 i ca t e glass tube. 17|^- 
Est radical (2 50 rr.q } and AIBN (I'^.O mg ) are diss calved m 
the above solution. The solution is purged with nitrogen 
fvji live: minutes and the tube sealed under nitrogen. 

^O'^C usrnq a RMA-400 Rayonet photochemical re.jctor rrom 
Southern New England Ultraviolet Co. ( bradt ^.)r , CT, USA) 
and continued fee 2 4 hours. 

The micrC'Spher es obtained are trceited in the sam.e 
way as per example 1 to remove the print miolecule. The 
ant i-i7(^-cst radial microspheres obtained. are monodrsperse 
and have an average diameter of 0 . 3 //m (Eigure 3 ) . Th.e 
reference ^control) microspheres are prepared and treated 
in exactly the same way, except that no print miolecuie is 
used in th^e polymerization stage. 
EXAMPLE 4 

Competi tive radroligand assay usmq anti - thoc^phyl 1 
m icro sp her OS from c x ample 1 

The binding capacity ol the an t i - theophy 1 1 ine 
m L or C'Spher es from exam.ple 1 is estimejted fromi saturate o^n 
studies. Vcrymg amounts 'i- .1 thie mi c ro:spher es are 
incubated overnight and at. room temperature witdi 16. s 
C)mol (685 Bq) [ B - 11 ] t neophy 1 1 me m 1 mL acetonitrile, 
using polypropylene microcentrifuge tubes, f. rocking 
t a b 1 e e n s u r c:- d g e n t.d e mi >: i n g . 

The m.i crosphe res are then sec)a rated by 
cent r 1 1 uga t ion at 1 4,000 rpm fc^r five minutes, 500 iiL 
supernatant maxed with 10 n\L scintillation liquid, 
Ecoscint C) (National Diaqnostics, Manville, NO, LhsA), and 
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KACrlBr/l'A p- r a di a t. i on counrer rron: LKB Kallac ( So 1 1 ea r. una 
r<vjedci\) . Th^-^ amount ot anti - Lheophy 1 1 ino microspheres 
reqairod to i:>ind hair or th- added radioi^qan^! as 
b estimated to be 5 rv,q f while an equivalent amount of the 
reference po9l ym.er binds less than lOV. o^ r the added 
r a d 1 Cj 1 1 g a n d . 

The theophy 11 ine- imprinted mLicrospheres are 
s u s p' e n d e d i ri a c e t- o n i 1 1' i 1 e (25 m g / m L ) a n d s o n. i c a t e d t: O: 

10 iorm a polymer stock s u sc>ens i on , from which 200 //L was 
transterred into Ocich microcentrifuge tube. Varying 
.amounts of non-radi olabelled ligand, including 
t necadc/l 1 m^;^ , theobromine, xanthine and caffeine, ana 
lo.l pmc:l (68 5 Bq* [ 8 - "'H j oheopny 1 1 1 rit- are added, and the 

15 final volume ad"justed to 1 mL with acet onir r i le . The 

comLpetitivo binoing is allowed to proceed overnight by 
incubation at ambient temperature, using a rocking table 
fO'r gentle m.ixinq . The amoun^ of bo^und radicdigand is 
estimated by m.easuring the radioactivity rrom. 500 /^b 

20 supernatant following cen t r i fugat ion at 14,000 rpm for 
f i V e minutes. T h e Yi i g ti s p e c i £ i c 1 1 y^ o f t h a n c i - 
theophylline microspheres can be evaluated by comparing 
the ICr,;, value c^f compounds closely related to the print 
molecule, with ICrt;, being the ligand concentration that 

25 can displace SO'o of the bound radioligand from the 

imprinted microspheres. Figure 4 shows th^; di sp 1. a cement 
of radioligand binding to molecularly im^printed 
miicrospheres under equilioriumi condition. B/Bq is the 
ratio of the amount of radioliqand bound in the presence 

30 or displacing ligand, , to trie amo-unt couna irj tne 
absence ol displacing ligand, Bq. 
EXAMPLE 5 

CGRipeti tlve rad.i o J iganci assay using ant i- rneGphyl 1 1 no 
u\icrosph&r€:S f roin example 2 
35 The same procedure as used m exam.pie 4 is folJov;ed 

except that the microsprieres are from example 2. The 
amount of a n t r - 1 heoph y 1 1 i ne microspheres required t: l^in 
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1 1 

hi 3 1 f or the ci G ci 6^ cl 1^ 3 'Ci i O 1 1 Q 3 H ci 1. S O S t j. IP 3 t P d 1~ O O 0 10 ^ Q / 

wiliio ciii ^Quivciidit. amount of ths reforence pol\'rr.or binds 
less than 20". or the added radioligand. 

The theophyi 1 me- imprinted microspheres are 
5 suspended in acetonitrile (50 mg/mL) and sonicated to 
form a polymer stock suspension, from which 200 //L was 
transferred into each microcentrifuge tube. The same 
competitive binding assay as m example 4, using 
theophylline as the cold ligand, is followed. A 
10 calibration curve for theophylline simiiiar to the one in 
Figure 4 is obtained, although the non-specific binding 
is slightly higher (Figure 5) . 
EXAMPLE 0 

Competitive radioligand assay using anti-lip-estradiol 

15 inicrcspheres from example 3 

Varying amounts of the microspheres were incubated 
overnight and at room, temperature with 417 fmol (1110 Bq) 
[2, 4 , 6, 7-'H (N) ] estradiol in 1 miL acetonitrile, using 
polypropylene miicrocent r if uge tubes. Other conditions are 

20 the same as used in example 4. The amount of anti-ivp- 

estradicl m.icrospheres required to bind half of the added 
radioligand is estimated to be 30 mg, while an equivalent 
amount of the reference polymer binds less than 12';. of 
the added radioligand. 

25 The 17f^-est radiol-imprinted microspheres are 

suspended in acetonitrile (150 mg/mL) and sonicated to 
form a polymer stock suspension, from which 200 //L was 
transferred into each miicrocent r i f uge tube. Varying 
am.ounts of non-radiolabel led ligand, including 17(^- 

30 estradiol, 17a-es t radi ol and 1 7a-ethynyles t radiol , and 
417 fmol (1110 Bq) [ 2 , 4 , 6, 7-'^H (N ) ] estradiol are added, 
and the final volum.e adjusted to 1 m.L with acetonitrile. 
Other conditions are the same as used m example 4, The 
specificity of the ant i - 1 7(^-est radiol microspheres is 

35 signified m Figure 6. 
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1. Molecularly imprinted microspheres comprising 
specific binding sites, obtamabie by polymerising 

5 functional monomers and crosslinkers in a reaction 

solvent in the presence of print m.olecules as templates 
in a surfactant- free precipitation polymerisation 
process, which print molecules are capable of forming 
non-covaient or reversible covalent interactions with 
10 said functional monomers. 

2. Molecularly imprinted m.i or ospheres according to 
claimi 1, the diameter of which are w^ithin the range C'f 

0 .01 r c 1 0 ^m . 

3. Molecularly imprinted microspheres according to 
15 claim 1, which are monodi sper se . 

4 . A method of producing molecularly imprinted 
microspheres comprising specific binding sites, 
characterised by polym.erising functional 
monomers and crosslinkers m a reaction solvent in the 

20 presence of print molecules as templates in a surfactant 
free precipitation polymerisation process, which print 
molecules are capable of forming non-covalent or 
reversible covalent interactions with said functional 
monomers . 

25 5. A method according to claim 4, wherein the total 

volume of pol yme ri sable monomers and crosslinkers is kep 
in the range O'f about 0.01 to 20 t of the volum.e of the 
reaction solvent. 

6. A method according zc claim 4 or 5, v.'herein the 
3 0 reaction solvent is aqueous c^r n on -aqueous. 

7. A method according to claim 4 or 5, v;herein said 
reaction solvent is comiposed C'f d s 1 n Q J- e 3 o X V e n i_ 
component or of multiple solvent components. 

8. A method according to claim 4, wherein said 
35 functional monomers have the same functionality. 

9. A method according to claim 4, wherein said 
functiona], monomers have different functionality. 
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10. A rneLhoLi dccorclirig "Co claim 4 or , where iri the 
soluiDllity ol the print, molecules in the reaction solvent 
IS adjusted by changing the composition of the reaction 
solvent . 

5 11. A method according to claim 4, wherein the 

polymerisation is induced by heat, UV radiation, 
Y radiation and/or chemically. 

12. A method according to claim 4, wherein said 
polymerisation process is a free-radical polymerisation 

10 process, an ionic polym.er i sat ion process, a coc^rdina t ion 
polymerisation process or a step growth polymerisation 
process . 

13. A method according to claim 4 or 5, v^herem a 
desired size of the microspheres is achieved by 

15 controlling the nucleation and particle grovjth process. 

14. A method according to claim 13, wherein the 
control of the nucleation and particle growth process is 
achieved by adjusting the co mi.p osition of the functional 
monomer /crosslinker/solvent system and/or the reaction 

20 conditions during the polymerisation in order to change 
the solubility of the growing polym.er chains. 

15. A method according to claim 13, wherein the 
control of the nucleation and particle growth process is 
such as to avoid aggregation of the microspheres. 

25 16. A method according to claim 4 or 5, wherein the 

size of the microspheres as produced is in the range of 
0 . 0 1 - 1 0 ^m . 

17. A method according to claim 4 or b, wherein the 
reaction conditions are controlled so that the 

30 microsperes become monodi sperse , 

18. Use of the molecularly imprinted microspheres as 
defined in any one of claims 1-3, or prepared according 
to any one of claim.s 4-17, for screening of chemical 
libraries, for catalysis, for facilitating synthesis, for 

35 analyte determination using ligand binding assays and/or 
agglutination assays, for therapeutic purposes, or for 
cont rol led release . 
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. , , ^ *. V- ' ^ 1 ^ . , n ■ , V 1 , - n T-r. >-^, >- i r-, 1- .T. ,-1 TT1 -i 7- ."^ hi ."^ f'^ ,^ 

1 Ir' . U ti' ^. J ^ i_ n iRv^J _L v.- Li -L a -L _y ^ i j w ^ ^, ^ ^ ^ ^ . • ^ - 

deimed m any one of claims 1-3, or prepared accordmq 
to any one of claims 4-17, as stationary phase or 
modifier in capillary electrophoresis, capillary electro- 
5 chromatography or HPLC analysis. 

20. Use of the molecularly imprinted microspheres as 
defined m any one of claims 1-3, or prepared according 
to any one of claims 4-17, as recognition component m 
biomimetic sensors . 

10 21. Use of the m.olecu ]. a r 1 y imprinted microspheres as 

defined in any one of claims 1-3, or prepared according 
to any one of claims 4-1'/, as affinity-labelled probe for 
tarqetinq cells or other biological material. 

22. Use of the molecularly imprinted microspheres as 

15 defined in any one of claims 1-3, or prepared according 
to any one of cla-ims 4-17, as binding entities for the 
preparation of composite materials. 




FIGURE 1 . Schematic representation of the molecular imprinting process. 
(1) Pre-assembly (2) Polymerization (3) Extraction/cleavage 



wo 00/41723 



2 / 5 



PCT/SEOO/00047 



Boronate ester-forming monomer 




HO OH 



4-VinyIphenyiboronic acid 



Hydrogen bond-forming and ion-pair forming monomers 




OH 




N 



Methacrylic acid 



4-Vinylpyridine 



Metal-chelating monomers 



NH 




N COOH 
'^COOH 



4-Vjnyl imidazole 



4-Vinylbenzyl-iminoacetic acid 



FIGURE 2 
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Magnification 7,500 x 



FIGURE 3a 



Magnification 30,000 x 



FIGURE 3b 
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